INTRODUCTION
With the development of urbanization, more and more population resides in cities. Along with the rapid growth of urban populations comes rapid urban sprawl. Although urbanization improves socioeconomic development and life quality, urban sprawl inevitably converts the natural and seminatural ecosystems into artificial ecosystem, which results in enormous ecological and environmental challenges, such as heat island effect (Yuan and Bauer, 2007) , local climate change (Stone et al., 2010) , arable land loss (Tan et al., 2005) , and water pollution (Yin et al., 2005) . In order to timely find the ecological and environment problems resulting from such a drastic urban sprawl and provide some effective suggestion for urban planning and a sustainable future development, effective analytical methods to monitor the urban sprawl and evaluate the effect of urban sprawl on the ecological and environment are crucial.
Although a lot of work has been conducted on urban sprawl and its impact on ecological environment, resolution of images to extract urban boundary was relatively coarse (Wang et al., 2012) , and most studies only focused on certain indicators of ecological environment at one scale, rather than comprehensive evaluation of urban ecological environmental impact at multiscale. The objective of this research is to metric urban sprawl of Beijing from year 2002 to 2013 and the effects of urban sprawl on the ecological environment by quantification of ecological and environmental indicators by using multisource remotely sensed data, GIS data and metrological data at different scales, which are urban areas scale, Beijing ring road scale, and watershed scale.
MATERIALS AND METHODS

Study area
Beijing, which has an area of 16410 km 2 , was selected as study area (Figure 1) . Beijing is China's capital, and it has experienced a rapid urban expansion in recent years. By the end of 2015, Beijing has a population of over 21 million. Six ring roads are the main transportation arteries. Nearly all of the core urban areas are inside of 6 th Ring Road, which has an area of over 2300 km 2 , which reduced unreal changes caused by seasonal differences, were selected to extract the ecological environment indicators. All of the images were geometrically rectified to the high-resolution aerial photographs of 2013. A second-order polynomial and the nearest neighbor resampling method were employed for implementing the geo-rectification. The digital numbers (DN) of the Landsat images were converted to normalize exoatmospheric reflectance with the calibration parameters, which can be retrieved from the image head files. Landsat images were mosaicked and clipped to the extent of Beijing with the administrative division boundary. Precipitation and air temperature of the meteorological stations inside of Beijing were used to general areal precipitation with the method of inverse distant interpolation.
Urban Boundary Extraction
Urban boundary was extracted by using high-resolution aerial photographs with a series of manual interpretation. These rules are as follows. Urban areas are usually surrounded by street. Urban boundary cannot exceed administrative divisions boundary. Tall buildings, communities, stadiums, and green lands belong to urban areas. Low buildings, which are surrounded by tall buildings, belong to urban areas. Isolated buildings and enclave buildings are judged according to their landscape characters, area and distance to the determined urban areas.
Ecological Environment Indicators Estimation
Fractional vegetation cover (FVC) is termed as the ratio of the vertical projected area of vegetation to the total ground area. FVC is a commonly used indicator for evaluating and monitoring vegetation abundance in urban areas. Vegetation can not only purify the air but also regulate latent/sensible heat exchange and local climate by absorbing and reflecting solar radiation. FVC is estimated with NDVI (Li et al., 2004) . NDVI is defined as (NIR − Red)/(NIR + Red), where Red and NIR are the atmospherically corrected reflectance of Landsat.
Water density (WD) is termed as the ratio of the area of water surface to the whole region area. WD is a commonly used indicator for evaluating water abundance in urban areas. Water can regulate local climate and beautify the environment. Water surface is estimated with MNDWI threshold partition method (Lu et al., 2011) . MNDVI is defined as (Green − SWIR)/(NIR + Red), where Green and SWIR are the atmospherically corrected reflectance of Landsat.
Impervious surface coverage (ISC) is the percentage of impervious surface in an area as large as a drainage basin or as small as an area which a pixel stands for (Wang et al., 2011) . Impervious surfaces are anthropogenic features through which water cannot infiltrate into the soil, such as rooftops, roads, driveways, sidewalks, and parking lots, among others (Arnold and Gibbons, 1996) . ISC is the comprehensive reflection of aquatic ecological environment and water quality at watershed scale. ISC is estimated with multiple endmember spectral mixture analysis (MESMA) method by using Landsat images (Wang et al., 2011) .
Net primary production (NPP) represents the accumulated organic matter by plants per unit area and time (Odum et al., 1971) . NPP is an important factor that provides a comprehensive evaluation of ecosystem status and services, including productivity capability, habitat, and wildlife, and ecological footprint (Crabtree et al., 2009) . NPP is estimated with CASA (Carnegie-Ames-Stanford) model by using Landsat images, precipitation data and air temperature data (Potter et al., 1993) .
Land Surface Temperature (LST) is related to surface energy and water balance, at local through global scales, with principal significance for a wide variety of applications, such as climate change, urban climate, and the hydrological cycle. In this study, brightness temperature is used to represent LST, and it is estimated by using Landsat TIR band with the calibration parameters, which can be retrieved from the image head files.
After ecological environment indicators were estimated, pseudo changes due to metrological variation and other noise in this time period are removed by calibrating ecological environment indicators of 2002 and 2013.
RESULT AND DISCUSSION
Ecological Environment Change in Urban Sprawl Areas
From 2002 to 2013, urban area of Beijing increased from 600 km 2 to 987 km 2 . The urban sprawl areas mainly came from rural settlement, industrial land, and cultivated land. Cultivated land was occupied about 154 km 2 during this period. All the ecological environment indicators except LST become worse 
Ecological Environment Change at Beiyun River Watershed
ISC at Beiyun River watershed was 0.457 in 2002, and it increased to 0.590 in 2013. According to the former research results, watershed which has an ISC over 0.30 is regarded as a degraded watershed (Arnold and Gibbons, 1996; Schueler, 1994; ) . So Beiyun River watershed had been facing serious water environment degradation since 2002, and the situation became worse.
CONCLUSION
In this study, a method of urban boundary extraction was proposed with a series of manual interpretation rules by using high-resolution aerial photographs. Based on the urban boundary, the impact of urban sprawl on ecological environment from 2002 to 2013 was analysed at urban areas scale, Beijing ring road scale, and watershed scale. 
